Abstract-The increasing penetration of large-scale wind generation in power systems will challenge the power system inertia due to the reason that the converter based variable speed wind turbines have no contribution to the system inertia. Traditionally, a doubly fed induction generator (DFIG)-based wind power plant naturally does not provide frequency response because of the decoupling between the output power and the frequency. Moreover, DFIGs also lack power reserve margin because of the maximum power point tracking (MPPT) operation. In this paper, a virtual inertial control strategy of the DFIG based wind turbines called supplementary control loop for inertial response is investigated. When the system frequency is changing severely, the output power of DFIG should respond to it rapidly through the virtual inertial controller at the same time. The rotor speeds of wind turbines can also be adjusted into this procedure. The inertial control methods proposed in this paper can supply controllable virtual inertia of DFIGs to the power system so that the system frequency stability can be strengthened through inertial control of wind turbines on the basis of damping torque analysis.
I. INTRODUCTION
As the renewable sources of energy are increasingly promoted by the electricity industry, the fossil plants are gradually being retired at the same time. Wind power is one of the emerging renewable energy technologies with fastest growing speed and has been widely utilized in power systems. The kinetic energy of the spinning inertia of the retired turbinealternators is no longer there to support the frequency stability in the event of outage or a sudden large increase in system demand [1] .
Fixed speed wind turbine generators(WTGs) have a strong coupling between the squirrel-cage induction generator stator and the power system, any deviations in system speed will result in a change in rotational speed [2] . Variable-speed WTGs can offer an increased efficiency in capturing the energy from wind over a wide range of wind speed, along with better power quality and the ability to regulate the power factor, by either consuming or producing reactive power. Double fed induction generator (DFIG) is one popular type of variable speed WTGs. DFIG penetration could reduce system inertia and affect frequency responses only if when it replaces conventional synchronous generation. Otherwise, it has negligible effect on system speed regulation [3] [4] [5] . This is due to the fact that the DFIG control system decouples the mechanical and electrical systems, thus preventing the generator from responding to system frequency deviations [6] .
A possible solution to the lack of DFIG wind turbine inertial response is through the addition of a supplementary control loop to provide an inertial response which is similar to a conventional synchronous generator [7] . Similar to conventional generators, wind turbines have a significant of kinetic energy stored in the rotating mass of their blades. Variable speed wind turbines are able to support primary frequency control and to emulate inertia by applying additional control loops. The kinetic energy stores in the "hidden inertia" of the turbine blades [8, 9] .
In this paper, a classical virtual inertial control strategy of DFIG based wind turbines called supplementary control loop for inertia response is investigated. When the system frequency is changing severely, the output power of DFIG should respond to it rapidly through the virtual inertial controller at the same time. The rotor speed of wind turbines can also be adjusted into this procedure. The inertial control methods proposed in this paper can supply controllable virtual inertia of DFIGs to the power system so that the system frequency stability can be strengthened through inertial control of wind turbines on the basis of damping torque analysis. The proposed approach also shows that while virtual inertia is not incorporated directly in long-term frequency and power regulation, it may enhance the system steady-state behaviour indirectly. A time domain simulation is used to verify the results of the analytical studies. Fig.1 shows a single-machine infinite-bus power system with a DFIG-based wind turbine connected. 
II. MODELLING OF POWER SYSTEMS

A. A smiplified model of DFIG-based wind turbine
Where P X and Q X are two state variables of PI controllers. 
The active and reactive power of rotor in DFIG are: 
Linearization of Eq. (1) is:
Where 0 0 0 0
The above equations are simplified as:
Thus, the linearized model of the synchronous generator is: 
Linearization of total output power in DFIG: 
Where 
B. The impact of virtual inertia control for SMIB power system with grid-connected DFIG-based wind turbines
The principle of classical virtual inertial control is:
In the SMIB power system, the power system frequency f is substituted by the rotor speed of synchronous generator.
Linearization of Eq.(22) is:
( )
The reference value of stator active power ref s
P is not a constant in Fig.1 . Eq. (14) and Eq.(15) will be rewritten as:
From Eq. (17), it can have the linearization of DFIG total output power is: 
Thus, the linearization model of SMIB power system with DFIG-based wind turbine incorporated with virtual inertial control is:
C. Damping toruqe analysis with taking virtual inertia control for DFIG-based wind turbine into consideration From Eq.(29), the Phillips-Heffron model of the SMIB power system with DFIG-based wind turbine connected incorporated with virtual inertial control is given in Fig.4 . 
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From Eq. (10), it can have: Table. 1. The DFIG-based wind turbine with virtual inertial control can provide positive damping torque in the power system so that it may enhance the system steady-state behaviour indirectly.
IV. CONCLUSION
The classical virtual inertial control strategy of DFIG based wind turbines called supplementary control loop for inertial response is investigated in this paper. The proposed method can supply controllable virtual inertia from DFIGs to the power system so that the system frequency stability can be strengthened through inertial control of wind turbines on the basis of damping torque analysis. Simulation results show that the DFIG-based wind turbine with virtual inertial control can provide positive damping torque to the power system so that it may enhance the system steady-state behaviour indirectly. Thus, the DFIG-based wind turbines are able to support primary frequency control and to emulate inertia by applying additional supplementary control loop.
